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1 ^ . Abstract 

We discuss a role of the boundary shear layer of large scale jets for their observed 
multiwavelength emission. We consider a simple mechanism of a turbulent particle 
acceleration acting within such regions as an alternative mechanism with respect to 

■ the standard approaches involving internal shocks in the jet. We show, that under 
simple assumptions the boundary layer acceleration can provide very high energy 
electrons possibly generating the X-ray emission observed by Chandra from some 

• large scale jets in powerful radiogalaxies. 
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I 1 Introduction: the aim of the study 

Large scale extragalactic jets, extending from a few to a few hundreds of kilo- 
parsecs from active galactic nuclei (AGNs), were frequently studied at radio 
frequencies. Recently, Hubble and Chandra telescopes gathered new detailed 
information about optical and X-ray emission of some of these objects. For 
a few hundreds of radio jets we know, only ~ 20 are observed at optical 
frequencies. Most of them are short and faint, with only a few exceptions al- 
lowing for detailed spectroscopic and morphological studies, like e.g. 3C 273 



( Jester et all 12001( 1 . Surprisingly, the large scale jets can be very prominent at 
X-rays in many different types of radio-loud AGNs. Up to now, more than 30 
jets were detected by Chandra at 1 — 10 keV energy range, although a nature 
of this emission is still under debate. 



The Hubble observations indicate with no doubt a synchrotron nature of the 
optical emission. The first conclusion from the optical maps is a requirement of 
electron reacceleration within the whole jet volume, as their radiative lifetimes 
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are usually much shorter than the time required for light to travel between 
the successive shocks. Sub-equipartition magnetic field and highly re lativistic 



bulk velocities alone cannot remove this problem ([Jester et all l200lh . Also, a 



spectral character of the radio-to-optical continuum, if carefully analyzed, is 
not consistent with simple versions of the shock-in-a-knot models. The X-ray 
observations are even more puzzling, because in many cases it is not clear 
if the detected keV photons - probably non-thermal in nature - result from 
synchrotron or inverse- Compton emission. In any case, in order to explain the 
observed high luminosities and spectra of the Chandra jets, one has to invoke 
more or less extreme c onditions, like large beaming factors or presence of very 
high energy electrons ((Harris fc Krawczvnskil . 120011 1 . Once again, details of the 
electron acceleration processes responsible for the observed X-ray emission are 
not clear. 

On the other hand, radio and optical observations reveal also a complex jet 
spatial structure indicating a spine - boundary shear layer morphology. As 
emphasized below, such boundary shear layers are prevailed sites of particle 
acceleration, especially in cases of relativistic flows, and therefore should be 
seriously considered as an option/addition to the shock-in-a-knot models in 
studying the jet multiwavelength emission. In fact, contribution of the shear 
layer to the jet radiative output results not only from the involved electron ac- 
celeration, but also from kinematic effects influencing the composed relativis- 
tic jet spectrum. Recent optical and X-ray observations give us an important 
insight into the mentioned processes and effects. 



2 Sheared jets: electron acceleration 



As pointed by Ide Young (1986). interaction between the jet matter and the 
surrounding medium result in formation of the shear layer at the jet bound- 
ary. Such boundary regions are likely to be highly turbulent because of their 
very high Reynold numbers. Therefore, stochastic particle acceleration acting 
thereby seems to be also inevitable. Numerical simulations confirm presence 
of the t urbulent layer wit h a velocity shear surrounding fast central spine of 
the jet (|Alov et all Il99flh . although the exact nature of the shear regions is 



still hardly known. With no doubt, they play an important role i n stabilizing 
the fl ow with respect to the Kelvin- Helmholtz (KH) instabilities (Bi rkinshaw . 
1991). They are the places where the large-scale KH instabilities form and 



cascade to shorter wavelengths, which dissipate turbulen ce energy b y reso- 
nant interactions with thermal and relativistic particles (|Eilekl . ll982h . Such 
stochastic interactions can be additionaly influenced by weak oblique shocks 
developed within the boundary shear regions, as suggested once again by nu- 
merical simulations. In addition, a presence of the velocity gradient can also 
modify the particle energy distribution due to effects of a 'cosmic ray viscosity', 
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discussed e.g. by Ostrowski (2000). Thus, modeling of the electron accelera- 
tion processes acting within the boundary shear layers of large scale jets is 
difficult and requires several assumptions about the boundary layer internal 
structure. One of these assumptions refers to the magnetic field configuration 
and intensity. Both observations and theoretical considerations suggest that 
the magnetic field in the boundary regions is parallel on average to the jet 
axis due to shearing effects. One should expect that a strong velocity shear 
may influence not onl y the magnet ic field configuration, but also its intensity 
by a dynamo process ([Urpi n. 2002). 



An order-of-magnitude analysis of time scales connected with electron momen- 
tum and spatial diffusion in a boundary layer medium shows, that for typi- 
cal parameters of the large scale relativistic jets in powerful radio sources the 
boundary layer electrons undergo mainly second-order Fermi acceleration, and 
that the time scale for electron escape from the accelerat ion region is extremely 
long a s compared to the radiative losses time scale (ptawarz fc Ostrowski . 
2002a[ ). As a result, electrons form a flat power-law energy distribution with a 
harder high e nergy componen t modelled by us as a pile-up bump at the maxi- 
mum energy ( Ostrowski . 2000l ). Under the condition of continuous and efficient 
electron acceleration acting within the whole highly turbulent boundary layer 
volume, involving large amplitude MHD turbulence leading to the scattering 
mean free path comparable to the electron gyroradius, a balance between ac- 
celeration and radiative losses allow for electron maximum energy, typically, 
E eq ~ 10 8 m e c 2 . One should note, however, that formation of the terminal 
hard co mponent in the electron ener gy spectrum can be a non-stationary 
process fjStawarz fc Ostrowski l2002bh . In principle, its normalization grows 
with time for the considered continuous particle injection, while its spectral 
width inc reases over larger and larger energy range due to momentum dif- 
fusion. In IStawarz &: Ostrowskil (|2002a| ) we modeled the pile-up bump as a 
monoenergetic peak with total energy density limited by the equipartition 
with the magnetic field. This requires further studies of the electron energy 
evolution ( Stawarz fc Ostrowski . 2003). However, we would like to stress out, 
that the pile-up effects forming a final stationary hard spectral component at 
the highest electron energies seem to be inevitable in the considered case of 
the boundary layer acceleration. 



3 Conclusions: boundary shear layer emission 



It is known, that emission from the shear boundary layer can decrease jet- 
counterjet radio brightness asymme try, influencing estimations of the jet bulk 



Lorentz factors ( Komissarov . 1990h . Also, because of the kinematic effects, 



different radiation fields can dominate the inverse- Compton emission of the 
boundary layer electrons as compared to the spine electrons, affecting the 
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observed jet high energy radiation ((Celotti et all 120011 ). However, an impor 



tant effect of the boundary shear layer on the jet radiative output is due 
to stochastic and continuous electron acceleration acting within the whole 
boundary layer volume, most likely resulting in effective accumulation of the 
radiating electrons around the maximum energy E eq . For typical large scale 
jet parameters, synchrotron radiation of the electrons with E <C E eq can ac- 
count for almost constant along the jet radio-to-optical continuum, while the 
electrons with E ~ E eq can be responsible - at least for some sources - for the 
relativ ely strong X-ray emission detected by Chandra flStawarz fc Ostrowski . 



2002aJ). Combination of the effects connected with spectral pile-ups and rel- 



ativistic beaming in a medium with velocity shear, as well as an interplay 
between the stochastic and the shock acceleration, can possibly explain spec- 
tral variety and complexity of the Chandra jets. 

In our simple model we in fact consider two distinct relativistic electron pop- 
ulations, which differ because of the spatial location (knots - jet edges), 
nature of the acceleration (regular - stochastic) and kinematic effects in- 
volved (fast central spine - shear boundary layer). However, additional pro- 
cesses can also lead to several complications of such simple two-population 
mode l, like for instance formati on of oblique shocks within the boundary re- 
gion (|Bicknell fc MelroseL Il982h or a turbulent mixing of the spine and the 
boundary layer medium. Whatever the case is, the efficient particle accelera- 
tion taking place at the jet boundary can influence the observed jet radiative 
properties. By its nature, it is also connected with the issue of jet internal 
structure and jet stability in relates to the MHD instabilities excited at the 
jet surface. Thus, to understand multiwavelength emission of the jets it is 
important to study a role of its boundary shear layer, and the acceleration 
processes acting thereby. 
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